ABSTRACT.-More than 70 Common Terns (Sterna hirundo) and lesser numbers of other terns and gulls were killed on 1 l-l 2 June 1978, by Paralytic Shellfish Poisoning (PSP; toxin of the dinoflagellate Gonyaulax excavata) at a breeding colony in Massachusetts. PSP toxin was detected at lethal levels in sand-launce (Ammodytes americanus), the terns' principal food. Almost all terns that died were females in pre-laying condition; other birds vomited and survived. Breeding performance of survivors was unaffected. Mortality was greatest in three-year-old birds; lo-25% of three-year-old females were killed. Although PSP toxin was present in local shellfish for about three weeks, tern mortality was limited to a few hours on two days. Much higher levels of toxin were detected in shellfish at other parts of the Massachusetts coast in 1978 and other years, but terns and other susceptible seabirds were unaffected.
Paralytic Shellfish Poisoning (PSP) results from ingestion of a toxin produced by marine algae and which accumulates primarily in molluscs. In the North Atlantic, the organism primarily responsible for producing the toxin is a dinoflagellate (Gonyaufax excavata, formerly known as G. tamarensis), whose periodic blooms are known as "red tides" (Loeblich and Loeblich 1975 , Sweeney 1976 , White 1980a ). The toxin acts by blocking propagation of nerve impulses, leading to paralysis of skeletal muscles and, in sufficient doses, to death from respiratory failure (Schantz 1973 ). It has recently been discovered that the toxin can accumulate in marine zooplankton to levels that are lethal to planktivorous fish (White 1977 (White , 1980b and terns (Sterna spp.) were killed. Effects on the terns in the 1968 incident were described in more detail by Horobin (1970) and Dunn (1972) . In this paper I describe a similar incident at a tern colony in Massachusetts, in which I was able to document differential effects upon age-and sex-classes.
OBSERVATIONS THE TERN COLONY
The study was carried out in 1978 at Monomoy National Wildlife Refuge, Massachusetts (41"38' N, 69"58' W). The colony contained 2,500-3,000 pairs of Common Terns (Sterna hirundo), about 220 pairs of Roseate Terns (S. dougulliz), 18 pairs of Arctic Terns (S. paradisaea), and about 500 pairs of Laughing Gulls (Larus atricilla). A colony of more than 10,000 pairs of Herring Gulls occupied an adjacent area. The principal food of Common Terns at this colony is the sand-launce (Ammodytes americanus), which they catch mainly in water less than 40 cm deep over sand-bars within 2 km of the colony. Arctic and Roseate terns also feed primarily on sand-launce, but the Roseate Terns catch them mainly in deeper water. Some Herring Gulls feed on sand-launce with the Common Terns, while others feed at sea around fishing boats, along the shore, or on mainland refuse dumps. Laughing Gulls feed mainly on invertebrates, but a few feed on sand-launce with the Common Terns.
In 1978 I conducted a detailed study of the Arctic Terns. By 9 June I had marked 14 nests containing eggs and had located two more pairs of terns in the pre-laying phase of courtshipfeeding (Nisbet 1977) 
SIGNS OF POISONING
Almost all dead terns were found lying belly down with their bills in the sand and their wings partly spread. Some had yellowish or greenish feces around the vent and several had protruding cloacas. One had an egg partly ejected from the cloaca.
During 3 hours' watching on 11 June, my colleagues and I saw 10 Common Terns collapse and die in a loafing flock on the east beach. They showed signs of poisoning within 2-10 minutes of joining the flock. They fell forward and beat one or both wings ineffectually against the sand; some stumbled or floundered across the sand while trying to take off (Fig. 1) . When picked up, they appeared paralyzed; they were unable to stand or move their wings. The birds soon began to gasp, their heads drooped and their eyes closed. Most were dead within 5-10 minutes of showing signs of poisoning. Only about 5% of the terns in the flock were affected; the others behaved normally except for showing alarm or hostile reactions to the stricken birds.
One bird that appeared to have reached the terminal phase (with head drooped and eyes closed) was placed in a dark box. Two hours later, it appeared fully recovered so it was released and flew off normally. Another, whose wings and legs were paralyzed for at least 6 h (but whose eyes remained open and bright), was held overnight and appeared fully recovered next morning.
In addition to the dead birds, I found piles of vomited sand-launce in many places in the colony on 11-12 June. To judge from the condition of the fish (heads and front third of the bodies partly digested), they had been vomited within 20-30 min after ingestion. The fish were juveniles, mostly in the 70-90 mm range of lengths. I found at least 150 piles of vomited fish, suggesting that more birds vomited than were killed. Most dead birds had empty stomachs, suggesting that they had vomited also, but I did not see any birds vomiting.
I watched the Arctic Terns from a blind for about 2 h on 11 June. The 14 pairs that had had eggs on 9 June continued incubating normally, changing over at regular intervals. However, the two females who had been in the prelaying stage were both lying dead in their mates' territories when I arrived at 06:45. About 20 min later, one male flew in with a sand-launce, landed beside his mate, and extended the fish towards her. On finding her dead, he jerked back with raised head, flew up with an alarm call, circled round and landed again; this sequence was repeated several times before he flew off toward the sea with the fish. The apparently startled reaction of this bird suggests that his mate had died subsequent to his last visit. The other male whose mate had died was seen only a few times and landed near her for only a few seconds. The seventeenth male was present in his territory for most of the 2 hours and displayed repeatedly with fish, but no female was seen. I suspect that the female who had been displaying with him on 9 June had died also, since he remained unmated for at least two weeks thereafter. Only two Arctic Tern nests were started later in the season, on 28 June and 5 July, and these were in a distant part of the colony.
After 12 June, I observed no unusual behavior or other adverse effects that could be attributed to the poisoning incident. Of 28 Arctic Tern eggs laid before 11 June, 4 were taken by predators, 4 were washed out by a high tide, 2 failed to hatch, and 18 hatched (90% of those incubated to term). Hatching success also appeared very high in the Common Terns. Except in areas subject to predation, both species raised young to fledging in good numbers. Table 3 ). This is probably well above the lethal concentration: assuming a meal size of 10 g, a tern would have ingested a dose of about 80 pg toxin/kg body weight, compared to the estimated lethal dose of 10 Fg/kg body weight in humans (Schantz 1973) . Two pooled samples of livers from dead Common Terns were also analyzed, but did not contain PSP toxin above the detection limit of 40 pg/lOO g.
AGE-AND SEX-DISTRIBUTION
Of the 56 Common Terns that were dissected, 54 (96%) were females. All of these were in pre-laying condition, either with fully-formed eggs in the oviduct or shell gland (17) or with large follicles (mostly 7-26 mm in diameter) in the ovary (37). All but two weighed between 125 and 175 g, outside the normal range of 105-125 g for non-gravid females (Nisbet 1977) .
The two dead Arctic Terns were also females in pre-laying condition. One weighed 136 g, well above the normal range of 95-120 g for non-gravid females (Hatch and Nisbet, unpubl. data), and had a fully-formed egg in the oviduct plus several large ovarian follicles. The other weighed 92 g and was at an earlier stage in egg-formation, with largest follicle 9 mm in diameter. I did not dissect dead birds of other species.
Since most Common Terns had finished laying before 11 June, the high susceptibility of laying females led to differential mortality of the birds that were laying later. Data obtained June are three years old; a minority of fouryear-olds is expected to be still laying at this time, and some two-year-olds are preparing to lay. The age-distribution of banded birds found dead (Table 2) Table 2 ). Assuming that most of the 73 birds found dead were three years old (see above), the mortality rate of three-year-old females may have been as high as 25%. It was probably over 1 O%, since at least 7% of the estimated number of banded birds were recovered, and some of the dead birds were not checked for bands. concentrations start to exceed actionable levels (80 yg toxin/ 100 g edible tissue). Most samples are of edible mussels (Mytilus edufis), ribbed Although the test for PSP toxin is a bioassay for neurotoxicity rather than a specific chemical test, the rapidity of action of the toxin, the similarity of the toxic signs in each case, and the temporal and geographical coincidence of each incident with blooms of Gonyaulax spp. and with measurements of PSP toxin in shellfish, leave no reasonable doubt that PSP toxin was the causative agent. In the case reported here, the identification of PSP toxin in the fish on which the birds had been feeding, at levels high enough to be lethal to the birds, provides confirmation that was lacking in the earlier cases. PSP toxin could not be detected in the livers of the affected birds, but this conforms to the earlier finding by Armstrong et al. (1978) . White (1977 White ( , 1980b White ( , 1981a has shown that PSP toxin can accumulate in marine zooplankton to levels that are lethal to planktivorous fish. Several kills of Atlantic herrings (Clupea harengus) have been recorded off eastern Canada (White 1977 (White , 1980b , and there is one report of a kill of sand-launce (Adams et al. 1968 ). This paper now confirms the hypothesis of Coulson et al. (1968) that sandlaunce can accumulate PSP toxin to levels that are lethal to birds. It also provides circumstantial evidence for mortality of piscivorous fish.
mussels (Modiolus demissus) or soft-shelled clams (Mya arenaria). Peak concentrations of toxin in M. edulis tend to be two to three times higher than those in the other two species (Bicknell and Collins 1972, White 1982). Most samples are collected from bays and inlets rather than from open shores. PSP toxin was first recorded at hazardous levels in
Two puzzling features of the 1978 incident were its brief duration and its limitation to an area where toxin levels in shellfish were relatively modest. Although PSP toxin was present in shellfish near Monomoy for at least 19 days (Table 3) Similar findings have been reported from northeastern England, where high levels of PSP toxin (ranging up to 6,300 "mouse units," or about 1,000 pg/ 100 g) have occurred in Mytilus in years when no effects on breeding terns or cormorants could be discerned (Armstrong et al. 1978) . If levels in shellfish provide a reliable index of the concentration of PSP toxin in ambient water, these results suggest that the circumstances that lead to uptake of the toxin by fish to toxic concentrations are relatively infrequent.
Another striking feature of the incident at Monomoy was the high susceptibility of laying females. Coulson et al. (1968) similarly noted disproportionately high mortality of laying females, and attributed this to secondary effects of paralysis of the oviduct. However, I found only one bird that had died while laying an egg. Many others were at earlier stages in eggformation, and most died too quickly for Coulson et al.' s explanation to apply. Although females eat a great deal while amassing nutritional reserves in the period before egg-laying, at least some birds were killed immediately before egg-laying, when their rate of food intake is reduced (Nisbet 1977) . Thus, some other explanation for the susceptibility of laying females is required.
The concentration of mortality on threeyear-old birds (Table 2) appears to have been a simple consequence of the occurrence of the toxin in the fish in mid-June (Table 1) . Presumably, if the incident had occurred earlier, at the peak of laying, it would have affected older birds. Although the fish apparently were toxic for only a few hours on two days, I estimate that lo-25% of the three-year-old females were killed. PSP is potentially a serious threat to colonies of fish-eating birds in this area, because the sand-launce is the staple food of many species. Further investigation is needed of the factors leading to accumulation of the toxin by fish. 
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